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ABSTRACT

This roport describes research that has becn conducted to
determing the velationships wamong scores on a ve.lety of sptitude
tests, standing in Bssic Enlisted Submarine School, New London, and
suhsequent performence abgard submarines as messured by ratings,
written tests, 2ud job sample tests,

The interrelationships of the several shipboard performance

measurss are described sad the resulis of a factor snalysisz of the

intercorrelations of aptitude test scores and Submarine Scheecl

ceriteria are presentied,
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Chapter I
SGMMARY AND OPERATIONAL IMPLICATIONS

Resesrah has haen gconducted ta determime the awiant ¢

x wihd ah shlsnhasod
W LS & NS et QPMVUG -
eriterion measures, devsloned during carlier phascs of this over-ail study, were

predictable from Submarine School standing and from a veriety of aptitude tests
adwinistered to enlisted persomnel upon entrance into the Basic Submarine Scheol,
The shipboard weasures included job sample tests, ratimge s genersl traits, rating:
on specific téchnical tesks, and written job knowledge tests,

In addition, the extent to which the Submerine School criterion was pre-
dictable from the same aptitude test scores was determined and a tentetive identi-
ficsison of some of the basic variables in that criterion was made through s
factor analytic study,

From the results of the study, the following coneclusions mud {mplicutions are

drews:

1. Perforaance in Submariune School ie highly predictable from a combi-
nstion of secorec an the Nave GOT  ART  and Marchaniral w,nmn;a:a
tests and a test of the Diraction Marking type used in this study,

2. Facter anslytic result: suggest that there are st least three major
factors in the Submarire School criterion thet ars ldentifieble
from aptitude test resuits:

8) Mechanical Xnowledge or comprehension
b)  Muserice! facility
¢} A Szadss Tuctor, which may vefleci acad&mic motivaiion,

3. Measurasz of shiphoard performence sre elso predisichle to a reason~

eblc degroe primarily Ly Mechenical, Numarical, Heasoning, Direction

tierking sud Yisuel Attention tests in variocus combinations,

Actual tests of performence, such as Job Semple tests, sppear

%1 &



4.

6.

to be more predictable than ratings of ebiiities to perform specific
taske, retings on general trsfts pertaining to job knowledge, or
dritven Job Knowledge tests,

Submsrine Schonl stending has a moderate relationship to subsequent

shipboard performance, particuiarly the mﬁre technical aspects of

. that performance, (It was not related to scores on Personal Ad-

justment traits in the rating scale,)

Ratings on general traits veing s man-to-man type rating scale have
gome validity for subsequent shiphoard perfr. -anca as measured by
Job Sample tests, This 1s true cf the trai¢s oviented toward the
techaical competence aspect of performance., It is very likely more
true of certain rates aboard ship than of others, In addition,

the rating scalo vielded = great dasl ¢

eilsble varianca which
sppeared to be non-technical in nature and which is characterized
by a man's attitude toward his job or his adjustment to shiphoard
Ratings on a specific technical check list rating scaie have some
validity for shipboard performance ag meseured by Job Ssuple tesis
but do rot zppear to have @ clear-cut advantege over more genernl
treit ratings such as Kzgwisdae of the Job and Apility to Trouple-
ggggi. Raters do not sppear to knmow, with any great certainiy,
ahether or not their mer can actuelly perform cevtain specific tesks
At the lower pay grude levels it is thouaht thst it is ofian dif-
ficult for & reter to isoclate the contribution of one man sgainst
those of others, particularly when the men typlcaliy work in gangs

and sn compiex eauipment,

The fact that the specific check list ratings and the more



8.

genersl trait ratiangs correlsted higher with esch other than with
any oiher measure suggests that the check 1ist ratings may not be
yieldiag any more in the way of velid informstics than wouid be
obtainsble from the more general rating scale, An argument against
this conclusion, however, is provided by the fact that check list
ratinge are somewhat more predictable by sptitude test scores than
are ratings on generai traits,

Scores or = Writtea Job Xnowiedge test do not asppear to be a satis-
factory substitute for memsures of job skill as revealed in Job
Semple test scores, The reascn for the relative independence of
Written Job Knowledge test scores and Job Sample Performance test
scores on the one hand, and of the various sub~tests in & Job
Sampie Ceriormance teet battery om the other, needs further investi-
gatien., The relative extents\to which general skills end specific
knowledges are important for effective performence aboard e sub~
waaine wus BOC cledr from.this study,

An apprecisble smpunt of non-techaical varimmea 4o =wnoone (0
measures of performance shoerd submarines when ratings sre usged,
The netura2 of this variuence end {ts possible predictahility world

appear to warrsnt considersble study,



This report is concermed with the question of the extent to which aptitunde
tests, admizistered to trainees at the Basic Enlisted Submarine Schcol, New London,
were predictive of subseauent perforéance sboard submarines as measured by the lob
tosiple tests, rating scales and check lists, Additionelly, since performance in
Submarine School was availsble oz an immedisie criterion, the extent to which
gptitude test scores predicted it and the extent to which it predicted the ship-
board eritsrion measures alsc was determined,

The performance of submarine personnel, psrticularly during time of war,
offors a challenge to psychologists and medical specialists who would try to pre-
dict behevior which undoubtiedly reflects a combimation of technicel and highly
specislized skiils on one hend, and personal edjustment to a unique sscisl aad
physical environment on the other,

The sfforts of this project were directed teward the development of suitahle
measurements of performence shoard submerines which might be used to evaluate the

nroceduras semlavad o= oo Lo tLuluyeu, in wne screening of enlisted personnel on

& difficult preblem erises in assessing the adeguacy of the criterion measures
thet &ve doyeloped, The very fact that criieria of performance aboard ship are

needed implies that there are no availeble stendards of performance sgsinst which

the performance i submarine personnel is the raduction in striking

powar of enemy foress, Cevtaimriy such a criterion has severe limitations from the
polat of view of meusuremesni In addition to its general lack ¢f availebility, The
vacious iptermediate criteria that might bde developed require svaluation but elude

direst egrrelstion with wsr eifectivemess. In such a situation, and it is typieal,

né—



thers appear to be at least four questions which should and can be answered in
evaluating the relevance of the critericn measures developed:
1. Do operating persconel consider thc wmcasures to be relatively
complets Indices of the reaily impurteat aspacts eof performance?
2. Do the uénaures reflect differences which are known or presumed to
be present in personnel of differential experience?
3. Are the measures relisble}
4, Do predictive measures, which sre loaically related to the criterion
weasures, actuaslly correlate with them?
Other renorts in thiz series have faezriher
characteristics of the several shipboerd performance measures developed, Thase

were:

RESEARCH ON THE DEVELOPMENT OF SHIPPOARD PERFORMANCE MEASURES

Part I: The Use Of Practical Parformance Tests In The

Measurement Of Shipboard Performance Of Enlisted Naval

Pavanme ol [ P e

Sure TTe Tha liea 0o “‘, D ® i mimman Taado.. ©..%_ T_ M

- - Ve vl e satassew e cfMV Ay MWHAL 4 AU

Heasurement Of Shipboard Performance 0f Enlisted Naval

Personnel, (Feb., 1554)

Pert I1l: The Use Or Performsnce Chcek Lists In The .
Neasurement Of Shipboard Perfoimance Of Enlisted Naval

w "] qen o » o At
rersenne], rep, LYDE)

Part IV: A Comnorieon Betwsen Rated And Tosied Ahili:

e etwoen Rated An ¥

To Do Certain Job Yasks, (Feh, 1954)

In thesze reporis informatiox wss prosented to imdicate thst the messures



developed did heve the characteristics demanded by the first three questions:
(1) they were accepted by operating personnel as relevant and important; (2) their
scores were highiy reisted to differential experience: (3} they were kighly
reliab!a;

The purpose of this report is to answer tae fourth, and, fiom the stancpcint
of utility, most important question: what wes the extent of the ccrrelations

between the criterion measures and certzin predictors, which, on a logical basis,

thould be related to them?



Chapter IIX
SUBJECTS, TESTS AND CRITERIA

Inszeduction

Begianing 1n the Fall of 1948 amd cortinuing for Qver two years, 16 sptitude
tests, most of =hichk were woli known published tests, were administered to members
of each iacoming clase of the Besic Enlisted Subua;ine Schoasl st New London,
Commestious, Approximaiely 55% of all incoming perscmnel took the tests during
this period, Testing was accomplished during‘theldaya preceding the conveﬁinq of
e Submarine School clasa.. Since some men did not renort for duty until the day on
which classes actually commenced, not all wen in o ¢given class were availebdble for
testing, Otker tham this, theres was no seiection of subjects, all men arriving 2t
the station prior to comuencement of the class being tested,

Testing was accompliched by a research staff member (civilian) and by a Chief
Potty Officer ettached to the school., The tests were adwinistered to men in groups
of up tq $0. Testing time for the battery was approximatelv threas hauwe A boooi

— - e

ws3 given midway during the testing perfod,

~ Subleets

The vast majority of subjecis were :on-rated eaniisted perscnnel who were
reletively homogeneous with respact to sge and educaticnsl level, The sge range
vas from 17 to 30 yeurs with the great mejerity being 17 te 19, Forma! educatian
reaged from & to 13 yeers, with s mirked mode at 12 years, MNost of the subjects

were ach>rsied persomnol, less than 33 of the group helms 2¢d C} siiy Ofificers
or higher,

The nes were informed that the tests were given for research purnoses, By
and large metivation wae connidered to have bsen §oud wiii mest suljects sppearing

t2 einjoy the exnsrience,

-?n




The Aptitude Tests

On the pages that follow, the aptitude tests used in the study are described,
In addition, mean scores, standsrd devistions, totai numher of items, iime requiv
féy the test cad scoring formulse sre indicated, It will be noticed that meny of
the tests were scored in several ways, The following list gives a brief over-

view of the tests that werc cmployed for the study:

- e . M. BV__2. . P O {
I iR® NBVYy 0ad1iq uvatt ¥ wiuioe from thess tost

able for all candidetes)

were slresdy avail-

GCT
Mechanical
Mathamatisal Raazen ﬁ'ﬂg

Clerical
2, Thurstone's Primary Mental Abilities

Verbal
Rewsoning
Space
Number

Werd Fluenoy

3, Ruch = Wilson Selection System (Form S5}

danual Dexterity
Vlaual Attantion

Slwplie Coleii

Eve-tland Coordination
4, Ruch's Survey of Working Speed and Accurscy

Coding
Finger Dexierity
Accounting

8, Guilford - Zimmermen Aptitude Series

Pert 1V, Perceptusl Speed
Part VII, NHechenical Encwiedge
6. Unpudblished tesis from various scuwses
Spatisl Orientatica
Visun! Memory

Dirsciion Marking
Socisl Science



SOCIAL SCIENCES

This is a test of your knowledge of such things as history, government,
geography, art, literature, etc,

In this test, there are five possibie answers to each itemm. Only one of
these is correct. Decide which is the right answer and put its number in
the parenthesis in front of the question.

1. ( ) Which on2 was a French politician? 2. ( ) Paraguayisin

a. Disraeli a, Asia

b. Talleyrand b, Africa

¢. Truman c. Northern Europe

d. Henry VIII d. The Balkan States

e. Lloyd George e. South America
Scoring: 1. Number of items incorrect. Results: Mean: 15 S.D. 6.75

2. Number of items correct. Resuits: Mean 38 S.D. 11.5

3. Number of items correct minus one-fourth the number of items

incorrect. Resulta: Mean 35 S.D. 12.5
TIME: 30 Min. NO. ITEMS: 72

MEMORY FOR DIAGRAMS

This is a test of vour abilitv ro remember diamvorm-
Your task is to look at a group of ten diagramsa for ONE MINUTE and
then identify those ten from a group of twenty diagrams eon another page.

QO“R-n Gha e S ]

~ gy e ecsw Waes bl

(Here are shown three diagrams, each of which is from a different group
of ten related diagrams.)

®

*
LJ
@
®
L]
. L]

Scoring: The number of itema right minus the number of items wrong.
Reaults: Mean 16 5.D, &

TIME: 1 Min. to memorize. 3 Min. te answer for cach part. NG, ITEMS: 30



CODE TRANSLATION

When the examiner says GO, you are to transiaica passage which is

~ given in code. The code is made up by assigning numbers to the letters

of the aiphabet. To translate you look up each number in the key tc see

what letter it stands for. You then write that letter in the proper space
below the number.

THE KEY
1 2 3 4 5 6 7 8 9 10 1 i2 i3
L 1 A D FQ T w X N Z B E
14 15 16 17 18 19 2¢ 21 22 23 23 5 26
G J M O R U Y C H XK P v S

Work as rapidly as you can without making mistakes. Your score
is the number of iines translated without error in five minutes.

The first iine in the message is already transiated to show how it
is done, An ¥ indicates the end of a word or sentence,

(1) 7 22 13 * 24 19 18 24 17 26 13 * 17 5 * 7 13 2b
T H E P U R P © 8 E C F T E S§
(3Y 7 286 ¥ 25 19 #: 22 %3 26#%7 2Z 13%=17 1¢ 13 &7

Scoring: Number of corrcct letter translations; Resuits: Mean 102 S.D. 26.5
TIME: 5 Min. NO. ITEMS: 223

PERCEPTUAL SPEED, Form a

This is a test of how rapidly and accurately you can see objects in
crder to match them,

Look at the {irst radio at the left, Which one of the five at the
right is most nearly like it? Radio B is the one, 830 answer space B
has been blackened,

Look at the second radioc at the left. Which radio at the right
is most nearly like it? Radio C is the correct answer, so answer space C
is biackenead.

Now find the radios maost nearly matching the third aad {ourth ones
at the leit and blacken the correct answer =



PERCEPTUAL SPEED (CONTINUED)

A= aw
ga D
c=

A=
B=
Ce

A=
A=
c=

A=
B=
ce

d NO. ITEMS: 72
Scoring: 1. Number of items answered correctly minus the number of items
enswered incorrectly. Resulis: Mean 42.5 $.D. 8

2. Number of items answered incorrectly, Median 1,25 Q) = .5

3. Numbher of iteme attempted

MECHANICAL KNOWLEDGE

in this test there are five possible answers to each item:, one of which. is
LULFELL,  MWTULAWE WALCA 18 the rignt answer to each item and blacken clearly
the answer space connected with it.

Pick the tool that is best for the Pick the anawer that deerrihee the
descrilred use: most likely cause of the trouble:

=1

Cut threads ne disiributor points, lights, coil,
, burn out every few weeka,

. Overcharged hattery

. Undercharged battery

. Direct short in the system

. Loose battery cables

. QOversized ignition wires

44

BoOE»?’

Scoring: Number of correct items.
Results: Mean 22 S.D. 8.5
TIME: 15 Mia. NO. ITEMS: First 47




VERBAL-MEANING

The first word in the foliowing line is BIG.
BIG A. M1 B, Lerge C. Down d. Sour

One of the other words means the same as BIG. This word is Large.
Large is answer B. An X has been marked in B on the Answer Pad.

Bcoring: Number of items correct. Mean 29 S.D. 4.5
TIME: 6 Min. NO. ITEMS: 50

SPATIAL ORIENTATICN, ¥orm b

This is a test of your ability to find your position on a circle by lecking
at the relative position of objects inside the circle,

Look at the pictures below, At the left side of the page inside the
circie, is a TOP VIEW picture of onr halls in 2 line. This picture was
taoken from a point directly above the balls. That is, you are looking
straight down on the formation,

To the right of this picture are three other pictures of the same forma-
tion of four balla, THE BALLS HAVE NOT BXEN MOVED. The pictures
are taken from a pousition off tc the side of the formsation of balls, Ia ail of
them yvou sre lonking down ai an angle of about forty-five degrees,

Your task is to decide where you would be standing ON THE CIRCLE to
get these pictures.

For example, in the first nicture the broad stripe is running straight
away from yocu and the baiie are¢ in a straight line. You musat he atandine ~4
aihae nh "I Tue siugie smail white ball is toward you and the two
emall white baiis ace on the other side of the big ball from you. Hence you
must be standing at "E". You will see an eve dvaon o0 U0 papes ad VR,
£uc the tetter "E' in the box under the {irst picture. NOTE: The shadows
in the pictures arc not to be used ae cues because they move {rom one pic-
ture to the next. A

2 ! l,

Form b: Scoring: Numiher of corvect tterns,

Heanits: Mean 388.D. 9
TIME: 6 Min. NO. ITEMS: 45



SPACE

Look at the row of figures beiow. The first figure is like the letter F.
ALl the other {igures are iike the first one, out they have been turned in

different directions.

Fl [ TR >[v¥ &

Now look at the next row of figures, The first figure is like the letter
F'. But none of the other figures look like an F, even if they were turned
right side un, They are all made backward.

Fl (3| »|uiv <& E

Some of the figuresz in the next row are like the first figure. Some are
made backward.

In the row of figures below, mark an X in the box of EVERY figure
which is LIKE the first figure. Do NOT mark the figures which are made
backward, '

Scoring:
i. Number of items correct.. Mean 29 S§.D, 8.5
2. Number of items incorrect. Median1l.2 Q; = .50 Q3 = 3.0
3, Mumber of itemms correcti minus the number of items incorrect

“L ... - - o~ -~ -
P ple T e ars e A

TIME: 5 Min. NC. ITEMS: 54

REASONING

Study the series of letters below. What letter should come NEXT 7
abababab

The series goes like this! ab ab ab ab. The NEXT letter in the series
should be a. An X has beer: marked in I""'l o the Anawar a

"'U

Now study the series of letters below, Decide what the NEXT leiter should
bz, Mark an X in the box of the NEXT letter in this series.

cadacafasa
Thkis aeri\u ge&s like this: ca da ea fa. You should have marked g.

S 1*« Number of itemas carrect. Mean 16.5 8.D. 5.5

Rrre Y W h

- ?mr‘g ‘.[3‘3‘ l”‘v. LLJ‘M. DJ ,
R

) V. fi 1‘ \3"3"' 5'5 N ;._,'.. ":-._.'. 3 . EE R
\ -

»



NUMBER

A B

At the right are two columns of numbers which have * 16 "42

been added. Add the cumbers for yourself to see if the 38 61

. answers are correct, - 45 83
i 99 176

~ The A answer ie Right, s0 an X has been marked in @ on the Answer
Pad,
" The B answer is Wrong, so an X has been marked in {E on the Anawer
Pad.
Now check the sums of the problems below. If the answer is Right, put

an X in@ If the answer is Wrong, put an X in IW|. If you wish to changs

an answer, draw a circle around this box like . Then mark the new ana-

wer in the usual way, ,

A B C ’
17 i5 63
84 28 i7
29 61 89

140 124 169

Scoring: 1. Number of items correct. Mean 26 §.D, 8
2. Number of items incorrect. Median 1.5 Qi = .50 Q3 5 2.80
3.

Number of items correct minus the number of items incorrect.
Mean 24 S.D. 9
TIME: 5 Min. NO. ITEMS: 70

WORD-FLUENC ~

You are to write several words whick BEGIN withp, One word you
might write iu_M . Turn to the next page, and in the spaces at the

TOP of the page on the Answer Pad, writs thrae marz words which
 BEGIN withp.

Sicofing: 1. Number of correct words. Mean 40 S.D. 10
TIME: 5 Min. NO, ITEMS: SPEEDED

AY



VISUAL ATTENTION

This is a test of your ability to keep ycur eyes on one object as vou sweep
through a field of many similar objects.

Your task is to follow cach line from ihe ieft side of the page where it be-
.i... across to the right side of the page where it ends. You will then write the
siumber of the line by the arrow head to show your answer.

Fer example, in the sample below, lines No. |1 and 2 have aiready been

done to show you how. Go ahead and do 3 and 4 for practice. Remember to

write the number of the line where that line comes out on the right.
Do not use your pencil to follow the line if you can help it. You will work
faster if you depend ¢n your eyes alone,
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2. Number of items WRONG; Results;Median .5 Q3 = 1.10
TIME: 5 Min. NO, ITEMS:40

MANUAL DEXTERITY

This is a teat of your ability to make rapid movements with your hands
and fingers.

Your task is to make as many ''gates’ ag you can in the time allowed.
Accuracy is not importaat, However, you must have four veriicel strokes
and one diagonal stroke--that is--five strokes in all.

Below is 2 space for you to practice to be sure you know what you are
to do. It makes no difference which way the diagonal runs: left io right or
right to ielit.

zAgwwwmﬁy_mmmw.fw
B

Scoring: Numbar ol ''gates' completed
Resulta: Moen: 44 8.1. 7.5
'CiME: 1 Min. NO. ITEMS: SPEEDED




EYE-HAND COORDINATION

This is a test of your ability to coordinate your eye and hand in a con-
ticuing task.

Your task is to trace a line through the Gpenings in the vertical lines

starting at the arrow in the upper left hand corner. Draw a continuous
une across the page to the right going through the openings in thevertical
lifies. When you come to the last alley on the right then go down that alley
to the. aext opening and start back to the left. BE CAREFUL NOT TO
TOUCH THE VERTICAL LINES AS YOU GO THROUGH THE OPENINGS.
Below is a sample problem for you to werk on.

: 1, Number of openinga drawn through without touching.
Results: Mean: 68 S.D, 15.5

2. Number of errors. Results: Mean 22,5S.D. 19
TIME: 2 Min, NO.ITEMS: 145

RECOGNITION OF SIMPLE DETAIL

Tiie in @ test 01 your ability to detect a simple expected deteil in your
visual field. :

Your task is to put a check mark at the end oi each line in which all
letiers are '"Q's". If there is an "O" in the line any place, put an "X" in
thz blank at the end of the line.

The samples below have been marked to show you how. You work
the unmarked samples to give yourself some practice.

(A) QQAEEUQRAQANAAANNAA s
{(B) 0Q0Q0QQRLRORNANNANNR X

Scoring: 1. Number of total items attempted; Results: Meanlll §.D, 22
2. Number of items RIGCHT: Resuits: Mean 108 S5.D. 21
3, Mumber of items WRONG: Resnits: Mean 4 S.D. 3.75
TIME: 4 Min, NO, ITEMS: 150




FINGER DEXTERITY

When thz cxaminer says GO, put a pencil dot in each of the O's working
from left to right or from right to left. Work as rapidly and as accurately
as you can. The time )imit is five minutes. Dots must not touch O's,

00000000CO0000000000 (1)
00000C00000000000000 (2)

Scoring: 1. Number of O dotting attem=ts rounded io the nearest interval
of five, Resulis: Mean 450 S5.D. 93.75
2. Number of O dottings in which the pencil mark is located out-
side the O. In this casz a siugie miss is sufficient to invali-
date the entire line of twenty attemnte, Where less thantwenty
attempts are made in a line and a miss is made, then the num-
ber of misser 18 rounded to the nearest multiple of five.
Results: Median 1.19 Q] = .33 Q3 = 3.00
3. Number of G dottings in which the pencil mark is located inaide
the Q. All attemipis in each line must be correct for credit,
Results: Mean 310 S.D. 140
4, Test is divided into three parts. The number of O dottings that
meet the criteria of 3 above in part three is subtracted from
part one, Results: Mean 20 S.D. 40
TIME: ! 1/2 Min, for each part NO, ITEMS: SFEEDED

COUNTING

This tesk consists of counting each nf the wawal- - - 7 (l.c. 1ou wiil
wvienc Laal REXe are forty lines of text elow. At the end of each line there
are five blanks headed A, E, I, O, and U. For each line you are to count
and record the number af annh =425 . lciicrs 1n the line. Count ail five
vowels and record them for each line before going on tc the nexi line, If a
particuiar vowel does not occur in a given line, record an O in the appro-
priate blank at the end of the line. Take the lines in order. ~ount one
vowel at a timz,

Line {1) iz done to show you what is required. Work as rapidly and as
accurately as you can. You will have five minutes to do as much of this
task as you can,

{1) The statement that all men are created equal

A's (6) E's (8) I's {O) O's (O) U's (1}

{Z) in ail things is not true. This fact sbout human
As() E's() I's (}) O () U's()
Scoring: Number of attempts made. Results: Mean 47 §.D

) 8 - B S
2. Nurnber of correct responses. Reeults: Msan 37.5 S5.D. 5.25
3.

3. Number of incorrect responses. Results: Mean 9 S.D. 4.5
TIME: 5 Min. NO. ITEMS: 2¢0



DIRECTION MARKING

‘This is a test of your ability to think rapidly and accurately about
,dirac.iona‘ Look at the sample items that follow:

1, ﬂear right. far down "““‘1‘ i U} 5. Far down, near right o
z' r‘r up, far left #ton h T || 6- Near up, far !'ight ii ii i " H :
3. Near down, near left |* " F ° "1 7. Far lefi, far up '
4, Far right, near up i | §1 8. Near left, near down ||| | @ I |
B hwowono
& | -
R o

P L =
v&u 1

i'h

Your task is to place a mark at the distanc
@dot in the center of the box. The meanings of ¢
follows: '
1. Near right means one step to the right from the center dot; near
left; one step to the left,
2. Far right means two steps from the dot to the right; far left, two
steps to the left.

e and direction
he insiructions are as

€ W

3. Near up means one step up from the dot; near down, one step down.

4. Tar Gup means two steps up from the dot; far down, two steps down.

Now, you work problems 5 to 8 in the sample item to the right above
in the same manner. Place your marks in the appropriate spaces.

Scoring: 1. Number of items incorrectly marked:. Results: Median [.19
Q= .47 Q3 =2.25

Z. Number of items correctly marked minus one-fourth the number

of items incorrectiy marked for the first 37 items. Results:
Mean 34.5 S.D, 4.75

3. Numher of items correctly marked minus one-fourth the number
of itema incorrectly marked for 48 items. Results: Mean 38

S$.D. 9
TIME: 5 Min. NO. ITEMS: 48




The Cxiterion of Submerjne School Performence

The criterion of Submsrine School performence was final standing in class,

(Submerine School classes typically consisted of hatween 100 and 200 men st the

time of this study,) Finrel stending wes dotermined from a man's final everage

which in turn was a composite score developed from ihree sources:

1,

2,

ég;j;jﬁgq{g;_gyhmg;jng;: This was a rating made by each trainee's
section instructor nortaining to the 1ikelfhood of his becoming &
succeesful submarinmer, Only 3 numerical score values were used:

L ]
U

2,79, 3,23 and 3,75, (it wiil be remembered that a mark of 4,0 is

reyarded as reflecting the best possible nerformance according to
Navy standerds,)

Cperating gvepeue: This is a composite of retings made by several
fnstructors who teach the student, It is an assessment of the
trainee's performance in various training devices such as that
veilisy Aus LG UPCEULAUR ©I DUWN BNa SiLerR pianes, ine numericsi
scores assigned to cach trainee were limited to the seme vaiues used
in rating "Antitude for Submarines".

Examinetion overgge: This is an unwelghted arfithmetic averege of 5
written exeminations ¢iver to each trainee during the 8-weei course,
A typical examination of this kind contsined approximately 120
questions, About 50% of the questions were of the multiple choice
variety, four slternetive answers being afferai. The ramaiaing
Guestions reguired the subject to identify from sketches various
components of submarine operating gesr, Several alternstives were
given and the treinee was msked to mateh the correct enswer with the

AEHUETEd componrent,



In order to ascertain the full effectiveness of the aptitude tests for
predicting performence at the Submerine School, it wne thouche thae the performance
of certels treinses whe were sliminsted during the courss of basic training should
ba tazken into aecoint. Nine different criteria have been siipulated for the

elimination of a candidate from submarine training, These sre:

1. Lack of sbility to do asademic work of epecialty.

2, Lack of ability to do practical work of specialty,

3, Lack of applicatign.

4. Unwillingness to do work assigned,

S¢ Temperamentally unfit for submarine duty,

6, Tempersmentally unfit due to lack of desire for submarines,
7. Physically unfit for submarine duty,

8, Disciplirary problem,

9, Psychoiogically not adepted for submarine training,

It was decided that with tem cxcentinne. those nhveically dis
these disqualitied for disciplinary reasons, eliminees should be included in the
prediction study. (It sppesred unreassneble to predict physical fitness by mesns

of aptitude tests and the number disqualified for disciplinary reasons was too

Since final standing in Submarine School would rot be availsble for the dis-
ied students, it wai scrumed for these subjecis thet their eiimimstion from
training should be regarded es placing them in the lower half of their clase,
Because tetrathoric correlations were used in the analyses described later, it was
57 o =make ¢ =ore rolised gusas &5 Lo wheve these disqualified persons
iopically should have heen placed, The uwmber of elimimees included in the sample

uf trainess stxdied sccouniad for B.4% of the tots! zomber of cases,

- 2¢



Redlshility of she Subaaring School Criterion

In order to determine whether the reliability of the criterion would be a
serfously limiting 2aétor on correleticns with aptitude test socres, grades
obtained by trainees during the fourth week of scMool were es?reiated with those
obtained during the eiginth week,

For this purpose s ssemple of 100 men was obtained by taking every fourth man
from cix different classses, Pearson product-momént correlations were then computed
bhetwean the 75

sivth end cighth weeks® scores and the results corrected by the
Spestmasa-Brown formula, The results obtained appear in Table I, A second semple

drown from five later classes yielded highly similar results.

TABLE 1

‘'HE RELIABILITY OF SUBMARINE SCHOOL CRITERIA
BASED ON A SANPLE OF 100 MEN SELECTED FROM
CLASSES 40 10 45
(Fourth week v3, Eighth week scores)

Heasure N r_(Corrected)
Aptitude for submarines 100 .73
Amorillng wveraye 100 +48
KEgeminaticn average 100 +83

(1.}

An estimate of the reliability of the compnosite criterion, on which final
stending wes besed, wes ,90, It was concluded thaet the Submarine School criterion
was sufficiently reliable so ax to not seriously limit any relationships with

predictors,

shiphonrd Criteria

Tnrse measures of performance aboard ship were developed for this study,
Thelr developmeut was oriented toward messurement of two droad aspects of ver-
formancet €1} that ahich oould be regerded as primarily techmical im nature; and
(2 that mhick conld bs regerded as mainly adjusiive or sttitudinzl towerd ship~

board and Nevy life, The three devices for assessing shipboard performance end



their measurement charscteristics are described in detail in Paris I, II and {1l

of this series oi reports, They will be mentioned only briefly here,

1. Performance rating sczle. A granhic man-to-man periormance rating
scele consisting of 10 traits was completed'by three of each man'e
superior officers as a part of the shipboard criterion, The raters
usually were the two leading Chief Petty Officers of the gang and
the divizion o22icer of the man concerned, Some of the traits
referred to & man's technical performeance aboard ship and some were
more concerned with attitudinal and adjustive hehavior, The per—
formance referred to in the rating scale was described in behaviorai
terms which were as concrete as possibie¢ but necessarily quite
general, The rate-rerate relisbility end inter-rater agreement on
this scele proved to be highly sstisfactory, the former being sbove
+80 for periods of from five to nine months and the latter ranging

from .45 to ,65 for single traits and better than .70 €~ 42027

A4

score, {(See Part II, this series of reno ts.l

2, Performanca ~w--r 2000, iwo pertormance check 1ists were developed

5% this study, one for Electrician's Mates and one for Enginemen,
These also were vrating devices to be filled out by each man's leading
petty officer and divisisn officer but, unlike the rating scale, they
contained very specific statements about technfcsl job performance,
They were designed tc reflect ==z many specific bits of regular
izperiani itechnical shipboard behavior, characteristic of the two

rates, as possible, The inter-rater agreement on total scores on

! Wilsop, C.L., Mackie, R.R, eond Buckier, D,N,, RESEARCH ON THE UEYELGPMENT OF SHIP-
BOARL PESPORMANCE MEASUBES. PART II “The Use of A Performeace Rating Scsle In
The Heasurement of Parformance of Erlisted Naval Perzonnel" (NR-133«625) Manage~-
men? and Marketing Resesrch Corporation, February 1034,
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these check lists wae very nigh, above .80, (See Part III, this
series of reports.z)

Job sample pexformance tests. The third shipboard criterion measure
wag comprised of batteries of job sample tests designed around the

k1
Yot

ecerician's Mat25 and Enginemen jobs, A sample of shipboard tasks

which was as representative of the job as pcssible, under the limits
of testing time and operational conditions. was davelaned into o
battery which could be admiristered under standard conditions and
objectively scored, Also included in the bsitery of performance
itests was a written job knowledge test of the conventional multiple
response, objective type, and a test of knowiedge of safety pre-
ceutions, Results of the administration of these tests showed that
Individual tests had moderate to high reliability (,50 to ,80) and
that the composite battery for both Electrician’s Mates and Enginemen

had high relisbilities (.90), (See Pert I, this series of reports.3)

2 yi1son, C.L., Hackie, H,R., and Buckrer, D,N,, RESEARCH ON THE DEVELOPHENT OF

3

SHIPROARD D

EATCRRANCE WMEASURES. PART III "The Use of Performsace Check Lists In

The Neasurement of Skiphoard Performance of Enlisted Naval Personnel® (MR-153-625)
Hanagement and Marketing Research Corporation, Februsry 1954,

Wilson, C.L. and Mackie, R.R,, RESEARCH ON THE DEVELOPMENT OF SHIPBOARD PER~
FORMANCE MEASURES. PART I "The Use of Practical Performance Tests In The
Measurement of Shipboard Performanzz of Enlisted Novel Personnel”, (HR-153-625)
Hanagement and ™arketing Research Corpcration, February 1954,
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Chapter 1V

VN..IDII_Y 0oF Af TITUNE THSTE 00D TUD enmanyun ""ék‘:n:i_. CRITERIGN

TVl AMD JUYDMADLIVG JUD

Preliminory to the enalysis of the relationships discussed in this and subse-
quent chapters, raw scores on all tests and criterion moasures were converted into
standerd form, In ovder to fscilitate correlational procedures, all standard scores

in turn were converted into positive whole numbers, ranging from O to 9 (the STEN

scale), STEN gcores nf 0 thrsush 2 imcluded the lower half of ihe scores

b=y

oT any
particuiar verisble, while STENS of 3 snd higher included the upper half,

For the purposes of this qtudy. it was considered desirable to be able to
combine students from several Submarine Schoocl classes on whom predistor scores
were svailable, The over-all plan was to determine the validities of the several
aptitude tests on one~half of the total availsbie sample and cross-validate these
results on the other half, In order that thess samples be of apprecisble size, it
was necessary to combine men from different submarine classes into larger groups,
8¢ was thought to remove any bias im the results that might be
associsted with particular classes or with recruits at particular times of the year,

Before such a comhininng nracadure canld ha $nledntnd  bamamen 42 o -

o - PP .
e ey SV IrwY wa g Nuw BevGuvasly VW

[+%

slermine wheiher or nct there were systematic differences between Submarine School
classes with respect to the general levels of aptitude invalved,

An infitial hurdle in the screening of Submarine School candidates was that
they must have hed 2 combined score of 105 on th: two Navy basic battery tests, GCT
and ARI, In order to dstermine whether semples from the several classes were
similst with Tespeci itc scores on these two tests, means of the unweighted sum of
" GUT and ARI scores were computed for each of the nine classes used, The signifi-
cance of the differences between zll possible combinations of these mean scores

waé tested by means of the t-test, Using the 5% levei of confidence a8 the criter-

fon for rejecting the wull hypothcsis, the t-tests thowed in all cases that there

.24

A LS D,



were no significant differences between the several classes in the abilities
measured by the tests, In Table YI, the meens, siaadard deviations and standard
errors wey be inspected and in Teble IIX, a mstrivx of the t-valuss beiween ciasses

cen be scen,

TABLE 11

MEANS, STANDARD DEVIATIONS AND STANDARD ERRORS OF TIHE HEAN
OF COMBINED G.C,T, AND A.R.I, SCORES FOR SEVERAL SUBMARINE SCHOOL CLASSES

' Standard ~ Standar or
Cless N Mean Deyiation of the Mggﬂ
40 93 115.01 12,72 1,33
4 12 113,77 11.97 1.09
42 95 114.74 10,35 1.07
43 80 116.06 11.30 1,27
dd 73 115.97 11,05 1,30
45 113 114,83 11.00 1.04
4 103 114,33 10.84 1,07
47 3se 355 LUL0D 0.88
@ 128 1i4.85 10,28 0.91
Total 950 114.70 11,05




TABLE 11l
T-RATIOS FOR ALL MEAN DIFFERENCES OF COMRINET, CEMERAI CLASSIFICATION AND

ARITUNETICAL REASONING TEST SCORES FOR SEVERAL SUBMARINE SCHOOE. CLASSES

Class 40 41 42 43 o 45 46 47 49
40 -
41 .72

42 138 - ,635
43 -.5M ~1,3%8 -,795
44 . 516 -l . 296 e 7'37' . 050

107 703  ~-,060 L1730 .685
46 .98~ , 367 271 1,042 974 « 336
47 690 - ,100 999 1.3%2 1,312 673 . 303
4C 059 - 761 ~-,078 JTT5 706 =014 -,370 -~-,742

With these results, men from &ll clssses were then combined to form a totel
sampie ol YOU cases on whom test scores were available as predictors, The men were
then assigned alternatelv to the validatiam =ad avaeecvalidaed-= —w-onoc oLl

- - o

total of shaout 478 men in sach sube-sample,

A report by Bartleiv, published in 1945, describes an esrlier validation of
procedures for the selection of Submarine School candidates.! Bartleit presented
€indings of validities Lot the severel Havy basic battery tests using Navy grades
based on oper=tions snd written exanminations, &s the criterion, The description

57 the criterion in his study suggesis that it was similer ¢6, but not identical

1 Bartieer, N.R,, "Correlations of Tegts With Grades in Submarine School”, Pureau
of Kedicine aad Surgery Research Project No. X-243, Medical Research Department,
0.5, Submarine Base, Mew London, Comnecticut, February 1045,
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with, the oie¢ used in this study. With a semple of one class toteling 210 subjects,

the product-moment correlation coeffisients fer various aptitude tests were as

follows:

General Classification Test .28
Arithmetical Reasoning Test . 30
Mechanical Knowledge - o6
(Electrical)

Mechanical Knowledge. s
{leshanical)

Reading .20
Mechanical Aptitude Test o23
GCT + ARY .31
GCT + Mechanical Knowledge ol
(Electrical)

From these findings, Bartiett concluded that:
“A combination of scores for the General Classification Test,
Arithmetic Reasoning Test and Mechanical Knowiedge Tests is a better

index of grades 1n Submarine School tham 4= +%- C° .ai viassification
Test srars ~¥---

The coefficlenis reported by Bartlett arc all ormdorciiliaies or the pre-
cactive validity of the tests since they are uncorrected for restriction in range,
It might be added that they would alsc be underestimates if only the passing

caandidstes were considered in the study., It is not known whether this was the case

in Bertlett's study,

e Prossut Si
In Tahls IV, ifie teats in this study which proved to have vilidities signifi-
cantly grester than zere for predicting Submarine School staading are listed. it
will be remembered that caedidates who were eliminated from training for onc reason

oY unciher were assigned to the lower half cf thelr Submarine School class in

i
0
«d



cemputing these coefficients,
TABLE IV

VALIDITY OF SEVERAL TESTS FOR THE SUBMARINE SCHOOL CRITERION
(Tetrachoric Coefficients)

N = 475°
Direction Merking <46
Navy Mechanical .43
‘Navy GCT -39
Navy ARI 34
Euilferd-Zimmsrman Mechanical tnowledge «32
Thurstone Space .26
Socigl Sciences .24
Thurstonc Reasoning .23
Spatiel Orientation .18
Finger Dextaerity s 1T
Thurstone Number A5

=-Except as noted in the text.

Iz the Appendix, the entive matrix cf cerrelaticns beiween Submarine School
criteria and aptitude test scores, including those for more than one kind of score

for many of the tests, can be inspected. For the most part, these coefficients are

based on 475 cager. Anehnl® ~# ob- oo oo D won am e GRLATE STUAY. For twe of

tke varighles

ne Direcilon Marking test and the Social Science test, N was 319

since these tests were not developed when testing first began in New London,

Using the Gengerelli spproximation, multiple correlation coefficierts usext
were computed between various combinations of izst scores and the school criterion,

In Tabie V, the values obtained by this procedure may he ins



TABLE V

VALIDITIES, BETA WEICHTS, ARD THE MULTIPLE

CORRELATION COEFFICIENIS
FOR SEVERAL TESTS AND THEIR COMBINATIONS

Validisy
Test Coeffi~ Beta Test
Nusbet Teost cient Weight __ Battery Multiple R
50 Direction Marking v 46 +46 50 +46
12 dechanical Aptitude 043 . 34 50+12 «58
62 Generai Class, +
Arith. Reas, .40 .10 50+12462 59
11 General Classifi-
cation .0 o321 50412411 59
i3 Arithmetical
Reasoning o3H , 19 50+12+13 w0l

The Direction Marking test, which showed the highest vaiidity for the Submarine
School criterion, was the first choice by the Gengerelli technique, i'hen the
Guiiford Zimmerman kiechanical Aptitude test was added to the battery, the multinle
R beeame &A1 --o0 icuiun 01 UL 4+ ARI had the next highest validity and, when
added, iscreased the multiple to only .59. Suheetensiony TCU ror vt + ARI also
yielded a multiple R of ,59. Finally, it was found that the addition of ARI to the
first two tests increased the multiple to ,61. This appeered to be the most
predictive, yet ecomomical, combination of aptitude tests for the Submarire School

criterion in this study,

Crnes-Validation

fHavimg obtaired a multiple R as larqe es this, especially when compared to
thet which would have obteined through the regular selection bsttery (GCT+ARI) for
the same aublects (.4D), the question of cross—validation thes immedintely arose,
Siace oniy 510 subjects nwd teken all three of the selected tests, the cross=~

validstion study was limited to that aumber,



Heino the apprcbriate beta weighis, a criterion score was predicted for each
wan in the cross~validation semple from his scores on the Direction Marking,
Guilford-Zimmerman Mechanical Knowledge, and Navy ARI tests, These predicted scores
then were correlated with actual class stending, The coefficient of correlstion

obteined was R = ,85, indicating that shrinksge had not been severe and that this

battery o

[

teste represented a substantial improvement over the screening battery

then in use,

Correction for Restriction in Range

In order to apnreciate the full selective power of aptitude tests as pre~-
dictors of Submerine Senool performapce, it was necessary to determine the validity
of the test battery without the restriction in range introduced by selection of
candidates on the basis of n combined ARI and CCT sc?re of 105, Correcting for
this restricticn should reveal the resuits that would have been obtained had the
submarine trainees been representative of the entire recruit population with
respect to the abilities measured by these two tests,

Moomostlin 200 Sletsiiviivn ik aunge 15 @ IUACLION GX the intercorrelations of
tne tests and thei. veriences, It was first necessary to obtain a satisfactory
estimate of these statistics for the two tests concerned, Stuit2 has reported
intez~correlations between GCT and ARI of .69, .79 and .72 on random semples of 500,
933 end 803 cases, Using these values, sn average of ,74 was obtained after using
Fisher's Z_ iransformation,

Since the scores for both tests were in standard form, with a populstion mean
of 50 and a standard deviation of 10 by desiaon., it was nossible to ues 10 a2 g
estimate of the variebility in an unrestricted populatior, There is considerable

evidence from Stuit and other eources that this value holds up ressomably well

I T B R T T

2 Stuit, D,B,, (Ed,) Fersoamel Research sad Test Development, Princeion University
Press, Princetcn, New Jersey, 1947,
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empirically, The variance of the unweighted compusite scores in the two tests was

than obtained by using the formul a: 3

032 = '}12 4 022 * 2!‘120162 .

Usizg this equation and the estimates of population perameters described
sbove, the estimate of the variance in the population without restriction in ranga
was 347,82,

The next task was to estimate the variance for the restricted sample, that is,
the semple of Submarine School cendidates, To do this, the unweighted scores from
the two tests, GCT and ARI, were added since this is the procedure that was

antnally €A11aunad ¢
BVVU‘I&A, AVA SV -

-]
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ot
(1]

shlishing the cut-off e¢core, The varianca of coembined
scores was then computed on the restricted group of 950 trainees and found to be
122,10, This indicated that rather severe restriction in range had occurred as a
resuit of seiection procedures, The raiio of the varisnce in the unrestricted
recruit population to that in the Submarine School cendidate population was 2,85,

In order to determine the multiple correletion coefficient for the experi-
mantal taat hattarw far an unvaetrictad arnun. |t was necessarv to correct not only
the correlations of each test with the criterion for restriction in GCT + ARI scores,
but the inter~correletions of the tests as well, Tws formulae were necessary to
eccomplish this taak.d Formula (1) below was employed toc determine the corrected
validity coefficients between each test varieble and the variable of ARI + GCT on
which the restrictions took plsce,

Formulas (2) was employed to determine the corrected coefficients between two

9 Guilford, J.P,, Fundamentsl Statistics in Psychclogy and Education., MoGraw-Hill
Book Compeny, Inc,, New York, Toronto, London, 1950, p. 454,

4 From Thorndike, ¥,L., Persoanel Selectiom, New Ynrk: Joha Wiley and Sons, 1949,
pp, 173174,
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test varisbles vhich were both subject to restriction by a third veriable (ARI +

GCT). These were the correcied intercorreiatiops of the predictor variables,

s
deviations {n the unrestricted

W 2 2 512 and restricted populations
1 =11941ys -;F- respectively,)

(Where S and s are the standard

S
(@) Ryg=-12°T13723 (5~ 1)

Using the corrected validities and test intercorrelations obtsined in this

manner, the Gengerelli approximation sgain was used to estimate the multiple R for

the unrestrictad populstion, When this was done, R was found tc be

28%a

83, A

similar procedure using the reguiar screening battery (GCT + ARI) ylelded a cor=
rected R of .59, T-tests of the difference between coefficients resulting from use
of the Navy and experimental test batteries were significant bevond the 1% level of
confidence in favor of the experimentel battery under both restricted and un-

eAsbmiadad cnwdha s

TLoLTAToCU Clhwavaunw,y T;!UIB Iﬂlui‘os are summarized in Table VI.

TABLE VI

COMPARISON OF NAVY AND EXPERIMENTAL TEST BATTERIES
FOR PREDICTING THE SUBMARINE SCHOOL CRITERION

~ Teat  Wultiple Signifi- WMultiple Signifi-
Battery Nusber Ke t gance Re> t cgnce N
Navy 62 .40 .99 475
2.74 <.Cl 6.99 (.01
Experimertal 5C, 12, 13 .58 .83 3i6

* Uncotrected for restriction in range.
** Corrected for restriciion im renge,
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. In an effort to identify the basic composition of the experimentsl test
battery and, if possible, learn something sbout the underlying nsture of the
Subuar ine School criterion, a centroid factor analysis of 27 variables inciuding
Final Average and its three components was carried out,

For the most part this analyxis was quite successful, several well-identified
factors ciearly emerging. Ia addition, some other meaningful factors were
tentatively identified but these should be verified in other studies before their
nature can be regarded as firmly established. It is felt that some important
characteristics of the Submarine School criterion were uncovered,

ABDTEVi . together with tentative

identifications of each facior, appear on the follewlng pages.

The complete tables of loadings, before and after orthogonal rotaticn, appear

in tha Annandiv.

FACTOR I: MECHANICAL

Navy Mechanical «83
Guilford-Zimmerman Mechanical Knowledge .70
APT for S/ .65
Final Average 64
Operating Averege .98
Exemination Average 093
GCT .43
Spece - 0 . 3%
Thurstone Space M

Factor I is clearly mechanical in nature, resembling closely tha Mechanical
Exporisnce factor found in many analyses, Ii is belleved to involve knowledge of
mechonical eppersius and primcipiles rether thuu innaste sbilitly to be & mecha

Ths Submarine School criterie are heaviiy loaded orn this factor. This is

regerded as an imnarismt, thongh not unexpected, fimding of the siudy, The

m%.-
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analyses are consisteat {n reflecting the importance of scrcening Submarine School

S5w Sysawaia -2 -

I1: PERC
Guilford-Zimmerman Perceptual Speed 96
Counting WSl
Gate Making .50
Coding ) .49
Simple Detail 32
Line Following W27

Factor II clearly appears to be the well-known Perceptual Speed factor. It
is described Ly French! as characterized by the task of finding in u mass of dis-
tracting material a given configuration which is borne in mind during the search.
The fact that the Gate Making test appears heavily loaded on this factor may

reflect a lack of other tests in the battery cesiling for Finger Dexterity.

FACTOR IXI: VERBAL-ACADEMIC

Social Science .19

GCT 70

Social Science Bluffs .69
ack of bluffing)

Thurstone Verbal «96

Thurstone Word Fluency )

Factor III is similar to that usually defined by secial studies or social
science tests, It no doubt is confounded with the verbal factor in this analysis,
anecessitoting e complex designation. The word fluency test also comes out on this
factor no doubt because thers were no other variables in the anslysis to heip
dofine the flusncy factor.

The failure of the Submarine School Final Exemination and Final Average to

come out on this factor is resdily explained by the prior screening of the

Y
© This and other definitions have been borrowed from Fremch, J.W., "The Description
of Aptitude and Achievement Tests in Terms of Rotated Factors" Pgychometric

Mogographs, Number 5, 195i. p. 278.
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candidetes' verbs! ability on the basis of GCT and ARI scores,

Final Average .83
Exsmination Average 51
O-Dotting )
Direction Marking 40
Operating Average 9
Tracing .9
Gate Making ' .35
Aptitude for SN 32

A number of studies have produced u Grades Factor on which there were insuf-
ficient loadings from well identified tests to determine anything about its psycho-
iogical nature, Among its possible interpretations, motivation, academic interest
and persistence have been advanced, Facior IV suggests itself as such a factor
because of the high loadings of Final Average snd the presence of the other test
variables which may possibly reflect motivaticn or persistence. Performance on 2all
of these tests (0-Dotting, Direction Markimg, Tracing and Gate Making) is dependent
in large part cez the willingness of the subject to stick at a speeded, rapetitious
anu re;anxvaxi MONOLORCUS task,

Whtie the nature of this factor can be no more than sneculated on fvam tho
resuits of the preseat study, it appesrs most interesting and is impertamt in the

Submerine School criterion,

FACTOR V: COMPLEX VISUALIZATION

Direction Making 17
Thurstone Space .44
Thursione Reasoning .44
Momory for Disgrams -y
Counting < 37T.
L.ine Following o 37
Thurstone Number 34

Faator V i« difficult ¢to intorpret. It is probably a composite of three or

four factors which are somehow releted and all measured in some degree by the

u35p



Direction Marking test. Direction Marking or directien plotting hae boan found tn

([

$% icsdings on the Visumiization factor in a number of xtudies, Hoff

31

save 5i found
direction merking tests had high loadings on a factor which he called Complex
Perception, Attentjon snd memory tests also were loaded on this factor.,

Since space, reasoning, memory and number all seem to be involved in Factor V,
it must be concluded that the factor is complex, Because of the visualizing nature

of the Direction Marking sad several of the other tests, the factor is tentatively

1shalad COMPILEY VISIIALYZATION ¥

AV g

i5 nature should be explored wore fuiiy in a more

definitive analysis,

FACTOR VI: NUMBER

Final Average .63
Aptitude for S/ .50
Thurstone Number .93
Operating Average .9l
Navy Clerical 49
Ceding 3P
Examinatisn Average . P
Navy ARI .32
All of the aptitude tests with apprecisble loadings on this factor clearly
have numhar roantant The l.lm. Vandlone daddoae-d & as . o e

. L]
cP = eewavmeow Lve Vi View vuaaiGE 480 wwwv&

criteria, Final Average and Aptitude for Submarines are interesting and nlausible,
During the course of training, a submarine candidate i3 required to learn a great
many things for which number ability would be important. Examples of these ave
learning the frame numbers of the submarine, remembering the cubic footage of
certein tanks, the pressures in various lines, being appraised of opersting speeds
and depins, caiculating weights of civen volumes of sea water, fresh waier, fire,

oil, etc, This lends support to the proposed identity of ikis factor and points up

-

e Roff, M.F,, Perczonmnel Selection and Classificution Procodures: Percepiual Tests,
A Factor Asalysis, Project Keport, Profec: No, 21-02-009, USAF School of
Aviation Medicine, Randolph Field, Texas.
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the importance of Number variance in the Submarine School criterion.

F R VII: VISUAL-REASONING

Navy ARI + 26
Space-0 .48
Thurstone Reasoning 44
GCT « 36
Memory for Diagrams » 32
Nevy Clerical .32
Navy Mechanical .24

Factar VIT algo annasrs to he comnlaw
ac¢ algo aphesre ¢¢ he compnlieN,

visuwel compcnents, The entire Navy basic battery is loaded on this factor, but
predominantly ARI. together with Thurstona's Reasoning from the Primarv Mentnl

Abilitics batiery and the Spatial Orientation test which is thought to involve both

visualization and ressoning to an appreciable extent,

FACTOR VIIY: CAREFULNESS? CONSERVATIVENESS?

Navy Clerical .70

Simpie Destall 60

Social Science Bluffs Al
(Vo nf RIuffinnd

Tracing <35

Line Following 3
(Viennl Attantinnd

Thurstone Verbal .31

Counting .29

Factor VIII offers Qn interesting hypothesis although nothing definite about
its uature can be firmly established on the basis of this study. At first glance
the faétor appears to inavolve perceptual speed. The high loeding of {lack of)
Socisl Science Bluffs, liowever, which was & score based on items which had no
snswers (and which therefore, according to directions, should have been omitted by
the respondent) demands special interpretation.

The Carefulness factor previously heas been defined largeiy by wrong scores
where high scores reflect lack of carefulness., Since wrong scores were not

fnciuded in this enalysis, the similerity between this snd other factors described

S S ——



as Carefulness cannot be determined. The substantial negative correlations between

@i and wWrong s5COTEs O sueh impie Uetaii, Counting, and Tracing, pius

u’

esis as

[ 4

the high negative relstionship beiween totai score and bluffing score on the Social
Science test, lernd support to the notion that high total scores on these tests may
reflect conservativeness or cerefulness of response as well as the other abilities
assosiated with them, Further work in an effort to test this hypothesis would

seom worthwhile,



Chaptier

VI
PREDICTION OUF PERFORMANCE ABOARD SUBLIARINES AS
DETERMINED BY RATINGS AND TESTS

Batings of General Treits

One of the initial hypotheses of this study was that variance of an sttitudi-
nal or adjustment nsture might be equally or more important for success aboard
submarines than that of a technical or job knowledge msture, Ii order to ussess
both the techaical and the sdjustment aspects of performance in an economical
fashion, it had been decided that some sort of ratings by superiors must necessarily
form at lemet e part of the criterion measures of shipboard performance, Further-
more it wss decided that this rating device should be designed to tap es many
important aspects of shipboard performance as was practical and economical.

The shipboerd rating scale finally developed wac what has been referred to as
@ man~to-man scals, It was so named because it permitted, in fact required, that
all men in a growp be rated at the seme time on a given trait, in contrast to the
waloritv af vretln~ :::1:: wuaui scyuire that a given man be rated on all traits or
all items at some point in time before the next man is rated. Thie men-tz oop
format helped, it is thought, the rsters compare the various men in their groups
and decide whether or not Smith had more of this ability or this trait than Jones
and, to some extent, how much more,

Working with Naval personnel to obtain leads as to the important shipboard
behaviors to be included in this scale; saud later performing a factor ansalysis of
intercorrelations of traits of the esrlier forms $f ihe scaie, the following ten

traits were finally arrived at for inclusior in the final! form of the rating scale,

1) Cooperation &)  Leadership

2) FKnowledge oi the :fob 7}  WNeainess of lierk

3) Discipline 8) Care of Equipment

4) Aoplication and Initiative 3)  Ability to Troubleihoot

5) Judgment and Common Sense 10)  Sinscerity ix Dsing the Job



The factorial amslysis of the predecessors of this final scale had indicated,
on two separate occasions, that at least two broacd general areas of performance
nad been rated, One of these was characterized by high scoree in such traits as
Knowledge of the Job, Leadership, Ability to Troubleshoot and the ratee's pay
grade, This factor had been regarded as primarily technical in nature snd leheled

as Technical Competence, The twe traits having highest loadings on this factor

were Knowledge of the Job and Abhility te Troubleshost.

A second fsctor which had emerged in the two independent analyses was
characterized by such traits ss Cooperation, Application and Initiative, Discipline,
Cave of Equipment and Sincerity in Doing a Good Job., This factor clearly seemed
to reflect mors in the way of adjustment or attitude toward submarine life than did
the previous one. it was, therefore, given the tentative labei Personal Adjustment,

The relisbility of the ratings obtsiwmed with this form was generally found to
be satisfactory bhoth from the standpoint of inter-rater agreement and from the
stundvoint of rate-rerate relisbility., Inter-rater agreement ranged from about .45
Lu euu ivua anUIVICUE:E Traits and better thanm .70 for total score. Rate-rerate
relishility measured over an elapsed period of fiva ta mnine mumeno oon choo OO,

Ratings wera accomplished by three of eack men's supervisors, For the most
part, these were the aan's division officer and the two leading petty officers,
usually chiefs of his gang.

At this polint, it is necessary to interject some information about the nature
of the men who made up the subjscts for the remainder of the stuciy. The two
largest ratae ahosrd submeczines 57 (he Navy, ia terms of the number of men aboard,
were the Elecirician's Mates end the Enginemen, Since it would have been impracti-
cel to develop separate critesica measurss for &ll of the varivus rates aboard, it
was deaided to concentrete oo these Lwo rates because of thair relatively large
nunbers, Furthermore, since our interest was primarily with those men to whom

aptitude tests had been zdministered at New London, we were confinad not only to
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the two rates of Electrician's Mates and Enginemen bhut alen ¢ ralatively recemt
gf.duatel of the Submarine School,

It wes arbitrarily deé!éed that #o man would be included in the study who had
not oorved.lboerd 8 boat at least six months, It was prezumed that his supervisors
‘would have had a reasoreble chance to become acquainted with him in such a pericd
of time, Ths qathéﬁing of critericn measures was accomplished meinly in the summer
of 1981. This meant thst the subjects for study were, with few exceptions, Strikers
and 3rd Class Petty Officers. They renresented men with from six months' to
spproximst.ely two years' experience aboard submarines. This selection of subjects
no doubt plsced ortein restrictions on the renges of abiiities represented and on

the extent to which esch man might have had an opportunity to acquaint his superiors

with his capebilities,

Ia the chart on page 42, the interrelationships between all predictors and
criteria in this study are presented, In the first column, under Criteria of
Performance, the first group of multinle R'e —=o . oo (. eny to wiich ratings

on the general treits of the rating scale were predictable from aptitude test

Y L0 T

o wy

Host revemling In this set of relationships, perhsps, is the lack of ore-
dictability of total score on the rating scale, None of the aptitude tests showed
more than chance deviations from zero correlations for either the Electrician's
Mates or Enginemen population. Since the predictors were aptitude test scores, it
was thought that secores on thc {&chnical traits of the rating scale might be
predictable whereas scores on personal adjustment traits might not. To u smell
extent, this proved true, The Directics Marking, Naval Meckenical and PMA Reason-
iﬁg test, in combinstion, produced wmuitiple R's of .28 and ,31 for the Electrician's

Mater retinas on Knowledge of the Jeb and Troubieshooting. This relatioaship did
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not hold up for the Enginemen, however, which must be regsrded as something of e

failuvs of cross-validation,
Batipos on Sgecific Job Tasks

In order to get as close as possible to specific shipboard behavicrs which
should be observable to supervising cfficers and netty officers, a second rating
scale had been designed which alsc utilized the man-to-man format, This consisted
of items of speiit!c technical behiavior in contrast to the genersl traits contained
in the rating scale previously described, One of these specific check list rating
scales was developed for the Electrician's Mates and one for the Enginemen, The
items selocted were those which, according to shipboard personnel, were of an
appropriate difficulty level for Strikersand 3rd Class Fetty Officers, were
frequently performed abcard ship, and which raters would know whether or nst Lis
wen could perform, For example, the Electrician's Mates scale included items such
as: "Can determine if a submarine battery needs water", "Can replace a length of
shin's lighting cable”, "Can rewire electric switches”, "Can parallel D,C, aenera-
wors usimg correct procedure”, “Can stand a repair watch in the battery cempartment
during battle stations". ete  Tuemion? 1:o0o D4 iire Dnginemen's check list were:
“Con stand & thrvitle watch on the mein engines", "Can cut and properly replace
packing on valves", "Con line up and stnrt a main engine", "Can operaie vapor com-
pression units", "Can make necessary adjustments or replacements in main hydraulic
sysiems”, etic,

Fift; such items were selected after pre-testing for both the Electrician's
Hates end Faginomcn, Again, the division officer (Engineering Gfficer) and the two
leading Chief Petty Officers of <ach men's gang performed the rating. Inter-rater
igrseaent on total scores for the Check List rating scsale proved t¢ bLie above .80,
Some officer ratings had to be discorded because the officers found thst they did

a0t have sufficient specific knowledge to utilize the check list,
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As can be seen in the second column of the chart under Criteria of Performance,
the specific check list ratings proved somewhat more predictable by aptitude tests
than did the ratings on more general traits of behavior. The Navy Mechanical test,
the Visual Attention test, and PMA Numericel test combined to yield a multiple R

for both independent samples in the neighborhood of ,40.

Written Job Knowledae Test ang Job Sample Performance Tests

While ratings were easily chtainable and, it was hoped, would eventually be
shown to be suitabls criteria of shipbcard perfcrmance, the many questions usually
raised about their usefulness led to the development of actual tests of performance
which couid be administered to the subjecis aboard shin. As can be seen in the
last two coiumns of the chart under Criteria of Performance, these consisted of a
Writeen Job Knowledge test of a conventional multiple-choice variety ond astual Job
Safiple tests which required each man to demonstrate his ski]l at selected tasks
representative of what the Electrician's Mate or Engineman actually does aboard
ship. |

Tuc Diecirician's Haie was tested on Control Cubicle Operatfons. Use of a
Megger, Circuit and Fuse Testino. Reraivin~ Co0nd U,ncicu zeiepnones, Testing
Storage Batteries, Use of Hand Tools, and Safety Precauticns in connection with his
work, The Engineman was tested on Use of Wrenches, Drilling and Threading a Hole
to Fit a Bolt, Naming of Tools asscciated with his work, Identification and Function
of Globe and Gate Valves, Identification and Function of Air Compressor Valves,
Instrument Panel Analysis, and Safety Precautions associated with his work. The
performence test battery required =pnroximately twe hours' administration time,
The reliabilities of the sub-tests ranged from ,50 to .80 and the reliability of
the composite battery for Bi's and EN'c wass csiimated at about ,90,

The Written Job ¥nowledge test contaired muliiple-choice questions concerning

- e

the practical and theoretical aspects of the Electrician’s tate and Enginemen job.



The reliabilities of these tests were .86 and .68 respectively, As can be seen in
the chart, the aptitude tests predicted performance on these tests to a reasonable
degrea, The Navy Machenical and Navy Arithmetic tests combined to give multiple
R's of .47 and .34 for the Electrician's Nates total score and Ernginemen total

score respectively,

More interesting, perhaps, is the extent to which the Navy Mechanical,

Guilford-Zimmerman Mechanical and Direction Marking tests combined with Verbal

Fluency {for the E
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Social Science (for the Enginemen} to
yield multiple R's of ,62 and ,56 for the Electricien's Mates and Engincmen’s
average performance test scores respostively, No pariicuier nypoihesis is sdvanced
to explain the presence of the two verbal tests of these batteries. Their contri-
bution to the total was reletively small, However, the presence of the Mavy Me-
cal and the Dirvection Marking tests which had proved predictive of both

general and specific ratings, and liritten Job Knowledge test scores as well,

esteblished some confidence that tests of this type are valid for many of the
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Submarine School Standing snnesrs to be a reasonable nredictor of subsequent
performance sbosrd submerines, ithile the relationships shown in the second row of
the chart are not particularly high, it must be remembered that we hed dealt with
3 velativaly restricted range of performance in confining the study to 3rd Class
Petty Officers amd Strikers, It is considered quite possible that, had the careers
of these men been followed until they beceme 2nd Class or 1st Class Petty Officers,
the relationship of Submarine School Stending to subseﬁuent performance might have
praved hishsr,

Ia vbsaerving the reletionships hetween Submsriae Schocl Standing and the

criteris: develsped for this study, a trend can be observed that was generaily true
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of all the relationships determined. This is the fact that relationships between
predictors and criteria were generally higher for the Electriclan's Mates than for
the Eaginemen, Submarine School Stexzding predicied Electrician's Mates Joh Knowl-
edge to the extent of .30, Troubleshooting .29, and Total Score .26. In contrast, -
it predicted Enginemen Job Knowledge oniy .21, Troubleshowt}ng .17, and Total Score
.18,

The same trend ca= bs cbserved in tha correlstion between Submarine School
Standipg and specific check list rating (.35) for Electrician's Mates and only .20
for Enginemen. Again, the trend can be observed with the Written Job Knowledge
ieit, the correlation being .33 for Electrician's Mates and ,16 for Enginemen.

When it came to total score on the Job Semple performance tests, however, Submarine
Sechool Standing proved to be equaily valid Yor the two rates, the correiation belsng
.40 in each case,

This general trend tcward greater validity for Electrician's Mates ratings
is believed to be due to the fact that the Electrician's kliate frequently warte --
levieveu, ratner specific, and comnargtively easily observed tasks, He much more
frequently worki alone than dnaw eho 2-oio_ an. ne usually works in a falrly con-
fined area or on a relatively small piece of cquipment. The Engineman in contrast,
perticularly at the Siriker and 3rd Class levels, tends to work with others on
highly complex sad large pieces of mashinery. It is quite possible that the extent
of his contribution to the totel perfsrmaince is relatively difficult to evaluate
because he sc often performs as 2 merher of a team with a great desl of help and

direct supervision from others,

Relationship ¢f Bstings on Gepersl Trgjts o Other Criterion Massurss

In the third row of the chart, the extent of reletionships beiween ratings on
the tea general treits and the other ceritverion measures cen be inspected. It will
be noticed first of sll that there wero moderately high relativasiiips between
ratiugs on tha genersl tysit ratise secle and rutings oa the specific check iist

Be
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rating scale, Total scores on these measures correlated .58 for the Electrician's
Mates and .45 for the Enginemen. Scores on the general traits, Knowledge of the
Job. and Troubleshooting, correlsted .47 end ,43 with the total check 1ist scores
for the Eiectrician's Mates and .46 and .32 for the Enginemen, It was generaily
observed throughout the study, as might be expected. that the two different kinds
of vatings correlated higher with each other than either did with any other measure,

It will be noticed in the next column that ratings on Knowledge of the Job and
Tgoibi eshooting correlated t6 some extent with Written Job Rnowledge test sceres,
These correlations were .25 and ,32 for the Electrician’s Mates, .32 and ,36 for
the Enginemen, The correlation of ifritten Job Knowledge test scores with Total
Score cn the general rating scale was considerably lower, dropping all the way to
.05 for the Electrician®s Mates and ,20 for the Enginemen,

Finally, the relationship of scores in the general rating scale traits to the
Job Sample test scores can be seen in the last column, The nisture here is en~
couraging in the case of the Electrician's Mate but, unfortunstely, discouraging
in the case of the Engineman, Ratings on the traits Knowledge of the Job and

Troubleshooting correlated .48 and ,29 with totsl Job Sample test scores for the

Eisct?icianal Mates. Chl'l!‘l‘."‘nc *tha g?’tricti:" o momoa Bslira mald Beos AN
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grades of the men in the study, thiz is » feirly substantial resul:. For the
tnginemen, however, the correlations for the same two traits dropped to .16 and .23
respectively. Again, the hypothesis is advanced that the general natiure of the
Enginem®n job, at the level studied, made it rether difficult for raters to know

just how much in the way of technical ability the Enginemen reelly possessed.

Belationship cf Specific Check List Ratings to Other Criterion Wegsures

In the feurth row of the chart, it will be observed that the more specific and
technical check list ratings did not fare very much better in their prediction of
performance on Job Semple snd Written Job Knowledge tests than did the technical

traits of the geneval rating sesle, Total acores on the check list rating scale
gi’ -



correlated ,40 with total scores on the liritten Job Kmowledge tests for Electriciank
Hates but only .26 for the Enginemen,

Since the check 1ist rstings represented the raters' opinions of the ability
of their men to pezform importomt job tmsks, & sciewhat exhaustive study was per-
forred of the relationship between these ratings and performance as revealed by
the Job Sample tests, Flrst, check list scores iere taken as absolute values and -
correlated with Jab Sample performance test scores, This procedure resvited in a
correlatior bLetween the two measures of .37 for Electricisn's Mates and .27 for the
Enginemen.

This somewhat zurnrisincly low relationship was ihought possibly to be due in
part to differences in the leniency of raters in the vsrious submerines that were
included ir the sample, Therofore, the rank ovder of each man within his own boat
on the parformance fesi was correisied with his rank ordsr on the check list
ratings. The average ramk order coefficieni obtained cver asbout 8 dezen submarines

was ,52 for the Electrician's Mates and .30 for the Enginemen. In the case of the
| Flasewintonte Matae ot laast. this nrocedure seemed to increase the validity sf
the check list rlflags tc 8 point wiere they might be comnsidered to yield a reason~
skle indication of technical skill where Job Ssaple test scores are considered »
govd criterioa of these tkills,

In order to shed further licht op the validity of raters' opinions sbout the
skills of their men, items from the check 1ist ratiogs which were identical with,
or similer to, sub~tests in the performence test battery were correlated with scores
en their counterparts in the performance test, The median correlation between rated
ability to do & tssk snd tested ability to do the same or a verv similar task was
.18 for both Enginemes and Electrician's Mates, This strongly fuggests that most
rvaters in this study, in spite of the faet that they iived with their men 24 hours
s dsy, dié mot have very much knowledge of whether or not their men could actually

perfora gnacific taske which were regarded as importanmt paris of the Electrician's
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Mate and fngineman fobs, iMmile total scores on the check list did have some, and
perhaps a usable, validity in predicting total scores on Jcb Semple tests, the

statement on the part of s rater that his men can or cannot do a specific task

must be regarded with some suspicion.

Belationshins Betweep Written Job
Test Scores

Finally, in the last row of the chart can be observed the extent to which

scores on the multiple-choice Written Job Knowledye test correlated with total
scores on Job Semple tests., The magnitude of the correlations ohtaired, .45 for
Eiectrician's Mates and .35 for Enginemen, would hardly lead one to accept Written
Job Knowledge test results as a substitute for whatever is measured by actual Job
Semple tests.

This genaral magnitude of correiatinn, in the neighborhood of ,40, was about
the gsame as the extent of the correlation ohserved among the various parts of the
performence test battery itself. This raises some interesting questions as to how
many Job Semple tests one would have to assemble to cover completely the technical
JOD BK11i8 WALCR IAVY MEn UL 8 gIVENn [HLE MIE€ SUPPUSEU LU PuUdSESAd, 1L Laidvo
sdditicnal questions ebout the smount of specific variance asscciated with the
Job Sample sub-tests and whether ov not there are general skille which might be
measured which would be independest of the specific materials or equipment essoci-
ated with a given task, It also raises questions concerning the extent to which
training and subsequent spreisiization aboard the submarine will limit the relation-

ship between Job Sample tests of all types,



Conclusjony

The following conclusions are drawn from the results of this study:

1,

2,

3.

4,

6.

Scores from a hattery of sptitude tests, inciuding mechanical,
arithmetic, and direction marking type tests, will predict to a
large extent the relisble veriance in the Submarine School criterion.
Scores from a battery of sptitude tests, inciuding mechanical,
srithmetic, reazoninrg, visual attenticn, direction marking and
possibly verbal tests, wili predict to a moderate extent the
technical aspects of shipboard performance as measured by jodb
sample tests, written Job kmowledgez tests, and specific check list
ratings.

A large part of the variance in shinboard ratinge of performance
appears to be non-technical in nature, suggesting that ratings
measurs to Some extent, sttitude toward the job or adjustment to

Navy life,

Aptitude test scores, of the type employed in this study, apparenily

. 2 e -

wals myy pOULGEL LRE NON-LEGRA)CAL 8spects of performance measured
by tha ratings,

Submerine School standiag sppears to be a falr predictor of subse-
quent shipboard performance zs messured by job sample tests

and ratings,

In.this study the pérformance of Electrician’s Mates was more
reliably measured sad better predicted than that of Enginemen,
This suggests that the factor of rate may play a major role in
determining the type of criterion measure that can be used and the
extent to which it will be predictsbie from sther measures, (For

example, the fact that Enginemsn tend ¢o work in small groups and



on large pieces <. equipmént. in contrast to Eiectrician's Mates

whc frequently wu.i alone and on smaller pieces of equipment, is
beliaved to meke it more difficult for an observer to judge the

skill and knowledge of o particufur Engineman.)

Scores from written jdb knowledge tests, as developed for this study,
do not correlate highfenouﬁh with job sample test scores thet written

test results can be accepted as & satisfactory indication of e

man'se
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DO &3 s A -

NEW LONDCH INTERCORRELATION MATRIX
(Tetrachoric Coefficients)

= 475 For Variabies 1-20, 24-27

N = 319 For Veriables 21-23
acT -
NAVY L{ECH 40
NAVY ARI 49 15
HAVY CLER 0l =02 23
FiiA VERBAL 47 00 20 35
A RZASON 37 30 42 36 34
¥A SPACD 14 44 U7 14 25 46
PIA HUTER 14 <19 26 45 34 33 11
MA TLUZICY 25 =03 22 26 22 26 03 22
CATE AKTNC 15 <10 00 23 25 23 16 20 22
LIS FOLLU.IiIG 18 23 02 =15 =09 09 09 ~09 00 =05
ST 7L= DETAIL =09 04 =15 39 17 23 40 22 13 25 -0%
TRAGING =05 1l -07 20 =0 06 13 03 12 31 08 29
CODING 0B =13 11 42 24 29 27 41 13 21 =04 23 07
0 - DOTTING -0l 0010 19 13 15 20 09 15 42 =15 23 35 20
COmmING 12 ©5 17 49 21 43 32 36 14 30 04 39 20 47 34
Q-2 ERC, SF3I:D 13 19 20 38 14 36 30 16 10 35 07 35 11 40 18
G-Z I'BCH 5ICL, 33 72 Q7 -22-03 07 17 -19 06 01 16 =07 03 =03 =05
SPADTAY. NADTTMAMTAN T A An e v

o —y e v oy L;U 2—) Ll 13 LU <0 U4 09 "'06 13
IZHORY FOR DIAGRAIS 10 07 22 17 12 29 15 06 00 17 09 11 03 16 05
DIRECTION HARKING 31 19 21 -08 14 39 37 42 20 33 07 06 29 27 =03

L ]

[on. AnTRUNR TROCT 24 13 45 41 <0 10 3u 2L L3 -07 00 19 -11
30C. SCIEHCE DLUFFS =34 03 =25 =61 =57 =32 =06 =30 =31 04 11 -18 =07 -22 ~22
APT., FOR S/ 3¢ 40 25 00 1S 19 29 17 01 14 07 09 =03 18 04
OPIR, AVERAGE 30 26 34 19 06 16 15 05 04 06 12 03 03 10 02
TXALL, AVERAGE 45 38 36 15 27 27 21 09 11 17 0 03 04 11 =04
FIUAL AVERAGE 39 43 34 09 13 23 26 13 05 14 09 05 0% 13 03

1 2 3 L4 8 6 7 8 9 10 11 12 13 14 15

-8 -



NEW LONDON INTERCORRELATION MATRIX (cont.)

30

23 3% 21

C6 06 =26 =68

20 06 29 27 0

2 08 16 16 -U 79

3L 07 34 19 <11 64 63

18 03 46 1805 95 91 93 -
19 20 21 22 23 2k 25 26 27

- 54 -



NEW LONDON BATTERY
CENTROID FACTOR MATRIX

FACTOR :

TEST I II Ix Iv VvV VI VII VvIII  h~
ac? I| 59 -4l 43 -2, =03 -22 08 -05 ,817
NAVY 1:ECH 2] 42 <48 30 =37 -4 1w 10 12 ,852
NAVY ARI 3] 4 -20 -35 =13 19 & -2 08 .509
HAVY CLZR 4Ly 4 50 =19 39 -31 32 -37 23 1,038
PIA VERBAL 501 47 15 =42 07 =13 =11 22 10 .512
Piib RUASOH 6y 65 13 - -29 07 1Y =10 15 609
Pi:A. SPACE 7| 49 08 20 -1g =07 19 23 07 422
PUA W32 8] 39 38 -25 19 27 15 20 11 843
PA FLUIKY 9 32 12 «25 04 ~08 18  ~07 03 226
CATE IAKING 10 7 26 14, 09 07 =6 <16 ~27 403
LLT: FOLLO.THG 1] 43 17 24 =23 =16 05 09 07 .355
SDHPLE DITAIL 121 35 47 28 10 =31 12 05 06 548
TRACTNO 13f 2 25 35 13 =13 -28 =10 O% .373
CONTHO 4y 43 38 =05 09 17 19 10 24 472
0 - DOTTING 15] 32 12 23 15 13 =32 =14 04 ,333
COVIITING 16| 54 46 10 =03 09 18 =~-02 06 .559
G<Z PERC. SPZID 17 51 20 12 -3 8t In S5 Ll WA
G-% I CH KIOTL, 18] 31 =45 2 ~26 =26 =06 17 =21 568
S2ATIAL ORISWTATION 19| 43 =22 15 =33 =11  =na .20 - o2 .53
$12iOKY FOR DIAQRAIS 20 33 08 05 =31 31 =06 -19 i3 367
DIRICTION IARKING 21} 60 15 26 -13 33 =29 27 30 ,823
50C, SCIZNGE 2¢{ 53 =07 =45 =24 14 =40 17 17 783
SOC, SCLIICS SLUFFS 23| 43 17 -64 10 =27 =09 20 10 .76
APT. TOR 8AI 2,1 56 -5 1@ 34 1 19 22 -08 ,800
OPZR, AVEGRAGE 25 54 =54 11 7 08 20 =09 =0& 790
EXAM, AVIRAOE i 64 =43 08 30 04 =04 =03 19 777
FIUAL AVIRAQE 27y 64 =61 2 44 22 15 i3 13

-8 -

1.150



ROTATED ORTHOGCNAL TACTOR i ATRIX

NEWT LONDON BATTZRY

TACTOR
1z Lig Iy 15, W, V,y VI, VIL, VI, he
GCT 1 43 04 70 09 12 10 33 =10 828
NAVY 132CH 2 83 =02 =03 -08 22 -18 24 17 863
HAVY ARI 3 12 06 25 03 11 32 56 -09 516
VAVY CLER 4] =19 20 ~03 05 =07 49 32 78 1.037
PUA VEKBAL 5 o, 04 5 00 15 27 02 31 509
Pl REASON 6 13 27 22 =05 4k 23 44k 20 621
LA SPACE 9 34 "2 01 07 4 12 01 23 L4431
AL HUEER e =23 15 R at 34 53 ~05 7 ¢553
PLA FLUCHCY 9] =03 15 3% 13 0L 0% 13 15 .23l
GATE iAKING 10§ =06 S0 1 35 06 00 00 11 L404
LINE FOLLO TG % 2, 23 0L ~02 37 =05 06 31 L370
GLL5 DITATL 12 04 32 -13 0z 20 o7 <11 60,53
TRACING 3| =01 20 «07 39 1 ~15 07 35 367
CODING 14| =08 49 10 =04 21 39 =06 12 472
e rE U3 &v Uz or k6 =Sk e ak o4V
COUNTING 16| -05 51 0L 02 37 2 02 29,503
U=4 rds. SPopD L? i 19 jile) ~D1 -2 13 i3 20 21 A
G-Z I'ECH INGUL, 1wl w1 a2 % -0 o1 06 ¥ 570
SPATIAL OZIZUTATI H 19 % 16 66 3 19 =19 48 08 L5600
IHIORY FOR DIAGRANS 20 | -05 19 06 14 42 =02 36 «09 37
DIRECTICN iARKINZ A 10 13 19 40 77 06 =05 09 832
S0C. SCITHCE 22 11 23 79 12 23 04 13 -l 1%
3. SCIENCE BLUFFS 23 | ~01 =02 69 =11 0L 31 06 41 4757
APT. TCR S/ii 24 65 o2 04 a2 10 56 -03 -18 ,883%
OPER. AVERAGE 25 58 65 04 39 07 51 19 ~08 4309
EXAJ;, LVIRAGE 26 53 =08 13 51 12 39 20 07 776
FINAL AVERAGE 7 o4 ~iG =03 53 20 63 05 ~15 1.163
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